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ABSTRACT

Objectives: To investigate the effects of adhesion technique using different contemporary adhesive
systems on the cuspal movement in class || composite restorations in human premolar teeth.

Methods: Human premolar teeth were prepared with class Il cavities and then restored with
composite and etch-and-rinse (Adper Scotchbond Multi Purpose and Adper Single Bond) or self-
etch (Clearfil SE Bond and Clearfil S3 Bond) adhesive systems under different bonding techniques
(total bonding and selective bonding). The influence of an intermediate layer of flowable composite
was also evaluated. The cuspal distance was measured before and after the restorative procedure,
and the difference was recorded as cuspal movement. The data were submitted to ANOVA test and
Tukey’s post hoc comparison procedure test (alpha=0.05).

Results: For all adhesive systems, the teeth restored with selective bonding technique showed
lower values of cuspal movement and the use of an intermediary layer of flowable composite did not
show any influence on the cuspal movement.

Conclusions: Both the adhesive techniques tested were not able to prevent the cuspal movement.
However, selectively bonded class Il composite restorations demonstrated lower values of cuspal
movement comparing with total bonding technique, and the use of an intermediate layer of flowable
composite did not diminish the values of cuspal movement. (Eur J Dent 2009;3:213-218])
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is weakly adhered to the dental tissues, gaps can
be formed; if the adhesive strength exceeds the
contraction stress, the restoration maintains an
internal tension that pulls the walls of the tooth,
reducing the intercuspal distance.® The cuspal
movement may be perceived by the patient as
post-operative pain and the interfacial debonding
at the tooth-restoration interface may lead to
marginal staining, pulpal
secondary caries.*s

Although adhesion is generally associated with
the total bonding technique, adhesive systems
can be applied in different manners. Krejci and
Stavridakis® have defined the adhesion types as
following: total bonding - adhesion is established
to the entire surface of the cavity; selective
bonding - adhesion is restricted to the margins of
the preparation; separate bonding - the cavity is
sealed by an adhesive system that does not adhere
to oris insulated against the restorative material;
and secure bonding - adhesion between the
restorative material and the adhesive system is
not completely eliminated, but is weaker than the
adhesion between the adhesive system and the
tooth. The selective-bonding technique reduces
the factor-C and, in case of marginal discontinuity,
the adhesive functions as a second barrier against
penetration of bacteria in dentin.’

The aim of this study was to assess the cuspal
deflection related to different adhesive techniques
(total bonding and selective bonding) and to the
utilization of an intermediary layer of flowable
composite.

inflammation and

MATERIALS AND METHODS

One hundred sixty sound extracted human
premolar teeth were used in this study. The
teeth were stored in 0.1% tymol solution at
5°C. All the restorative procedures were made
under simulated dentinal hydrostatic pressure,
employing a previously described protocol.®

A 1.5 mm diameter glass ball was fixed to each
cusp vertex as reference points for intercuspal
distance measurements.* Each tooth was
subjected to preparation of alarge mesio-occlusal-
distal (MOD] cavity, with the bucco-lingual width
(BLW] of the approximal boxes of the cavity being
prepared to two-thirds of the BLW of the tooth and
the occlusal isthmus being prepared to half the
BLW. The cavity depth at the occlusal isthmus was

standardized (3.0 mm) and the cervical wall was
located T mm above the amelocemental junction
(ACJ) at the cervical aspect of the proximal boxes.
The teeth showing pulpal exposure after the
preparation were discarded. Facial and lingual
walls of the cavity were prepared parallel.” The
initial distance between reference balls was
measured with a digital micrometer (Mitutoyo,
293-561, Kanagawa, Japan] and recorded as
‘initial distance’.

For the experiment were used different
adhesive systems:

- three-step etch-and-rinse adhesive: Adper
Scotchbond Multi Purpose - SMP (3M Espe, St
Paul, MN, USAJ;

- two-step etch-and-rinse adhesive: Adper
Single Bond - SB (3M Espe, St Paul, MN, USAJ;

- two-step self-etch adhesive: Clearfil SE Bond

- CSEB (Kuraray Co., Osaka, Japan);

- all-in-one self-etch adhesive: Clearfil S3
Bond - CS3 (Kuraray Co., Osaka, Japan).

After the cavity preparation, the teeth were
randomly distributed in sixteen groups (n=10)
according to the adhesive protocol (Table 1).

All the materials were applied in accordance
with the manufacturer’s guidelines. For SMP
adhesive system, the dental surface (enamel and
dentin) was acid etched with 37% phosphoric acid
gelfor 15seconds, rinsed for 10 seconds and gently
dried with absorbent paper to keep the dentinal
surface visibly moist. The primer was applied
and dried for 5 seconds prior to the application of
the adhesive that was light cured for 10 seconds
(Optilux 500, Demetron Research Corp., Danbury,
CT, USA). The SB adhesive protocol was performed
by applying two consecutive coats of self-priming
adhesive resin onto the etched dental surface
(37% phosphoric acid gel for 15 seconds), and
drying for 5 seconds to evaporate the solvent. The
adhesive layer was polymerized for 10 seconds
prior to the application of the composite. For CSEB
adhesive system, the self-etching primer was
applied with a brush and dried with mild air flow
after 20 seconds. The bond liquid was then applied
and evenly distributed with a gentle air stream,
and light-cured for 10 seconds. The CS3 adhesive
was applied and dried with air high-pressure after
20 seconds and then light-cured for 10 seconds.

For the selective bonding groups, after the
hybridization of the entire cavity surface, the
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margins of the preparations were refinished with a
super-fine diamond bur (Komet, Lemgo, Germany)
and then a new adhesive procedure was carried out
only on the cavity finish lines. The etch-and-rinse
adhesive systems (SMP and SB) were applied after
a new etching procedure and the primer of SMP
was not used. The self-etch adhesive systems
(CSEB and CS3) were applied immediately after
the refinishing procedure, following the protocol
already described. As previously mentioned, the
objective of this technique is to achieve a new and
strong adhesion on the margins of the cavity [to
prevent gaps and microleakage) while maintaining
a good quality of dentinal sealing (provided by the
first adhesive procedure).

The composite resin Z250 shade A2 (3M Espe,
St Paul, MN, USA] was inserted in 3 increments
and each layer was light-cured for 40 seconds. For
the groups where flowable composite was used as
a liner, the flowable composite Filtek Flow (3M
Espe, St Paul, MN, USA] was applied as an initial
layer before the 3 increments of conventional
composite, and then light-cured for 40 seconds.

After the polymerization of the last increment
of composite, the distance between the glass balls
was measured and recorded as ‘final distance’.
The cuspal movement was obtained by calculating

Table 1. Groups established.
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the difference between ‘final’ and ‘initial’
measurements. The results were subjected to
statistical analysis by ANOVA and Tukey's HSD

paired group post hoc comparison procedure test.

RESULTS

The influence of the bonding technique on the
cuspal movement was statistically significant
(P<.01) for all the adhesive systems evaluated
in this study. The results observed with etch-
and-rinse and systems
are shown respectively in Tables 2 and 3. For
all adhesive systems, there were statistically
significant differences among selectively and
totally bonded groups. The teeth restored with
selective bonding technique showed lower values
of cuspal movement and an intermediary layer of
flowable composite did not show any influence on
the cuspal movement. No differences were found
between the materials of each category (etch-and-
rinse and self-etch), except between SMP and SB
totally bonded associated to flowable composite.

self-etch adhesive

DISCUSSION

Itislargelyacceptedthatvolumetriccontraction
during polymerization of restorative composites in
association with bond to the hard tissues results

Groups Material Adhesive protocol Flowable composite
Group | SMP total no
Group Il SMP total yes
Group Il SMP selective no
Group IV SMP selective yes
Group V SB total no
Group VI SB total yes
Group VII SB selective no
Group VIII SB selective yes
Group IX CSEB total no
Group X CSEB total yes
Group XI CSEB selective no
Group Xl CSEB selective yes
Group XIlI CS3 total no
Group XIV CS3 total yes
Group XV CS3 selective no
Group XVI CS3 selective yes
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in stress transfer and inward deformation of the
cavity walls of the restored tooth.' Mechanical
stresses produced by shrinkage of the composite
restorative material associated to high adhesive
bond strengths may be transmitted to the
surrounding tooth structure.”

In total bonding technique, if the adhesion is
stronger than the polymerization shrinkage stress
and/or stresses under function, the interface
between restoration and tooth remains perfectly
sealed. However, shrinkage stresses may become
higher than the bond strengths, resulting in partial
debonding of the adhesive from the tooth surface.

Total bonding technique is the simplest
adhesive technique and may be indicated in
restorations with a small volume and/or a low
C-factor (fissure sealing, small class | and Il
compositerestorations, large flatonlays). Selective
bonding is better indicated for large class | and Il

composite restorations and for class Il composite
fillings, inlays and small onlays.® Selective bonding
technique creates free surfaces within the cavity,
thus reducing the C-factor of the restoration. It
has been suggested the use of glass-ionomer
cement (GIC) as a liner or base in the selective
bonding technique. The GIC can seal dentin and
must be insulated to prevent this material from
adhering to the restorative composite. In the
present study, when proceeding with selective
bonding technique, the same adhesive system to
be tested was used as a dentin sealer, followed
by refinishing of the margins and a new bonding
procedure on the freshly cut tooth surface. The
adhesion between the two coats of adhesive
system was prevented by the contamination of the
first surface by water and contaminants created
during the refinishing procedure. It is accepted
that beveling of enamel margins decreases the

Table 2. Means of cuspal displacement (um]), standard deviation (SD) and coefficient of variation (%) for the etch-

and-rinse adhesives (SMP and SB). Within each line, different lower case letters mean statistically difference;

within each column, different capital letters mean statistically significant difference (P<.05).

Adhesive protocol SMP SB
23.50(3.92) Aa 21.19 (3.14) Aa
Total
16.72% 14.85%
24.56 (4.51) Aa 19.18 (4.05) Ab
Total / flow
18.39% 21.12%
14.16 (3.17) B,a 12.61(3.78) B,a
Selective
22.42% 30.02%
11.63 (3.34) B,a 12.62 (2.80) B,a
Selective / flow
28.77% 22.22%

Table 3. Means of cuspal displacement (um), standard deviation (SD) and coefficient of variation (%) for the self-

etch adhesives (CSEB and CS3). Within each line, different lower case letters mean statistically difference; within

each column, different capital letters mean statistically significant difference (P<.05).

Adhesive protocol CSEB CS3
24.18 (4.05) Aa 21.88(3.29) Aa
Total
16.78% 15.05%
22.47 (4.21) Aa 21.83(2.81) Aa
Total / flow
18.75% 12.91%
12.89 (5.27) B,a 13.62 (3.52) B,a
Selective
40.96% 25.87%
12.38 (3.48) B,a 12.84 (3.48) B,a
Selective / flow
28.15% 27.14%
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risk of marginal gaps, microleakage and enamel
fractures.’” Additionally, it has been demonstrated
that self-etch adhesives show higher values
of bond strength on ground enamel compared
to intact enamel.”® This last statement is also
supported by recent reports using CSEB'™ and
CS315 self-etch adhesive systems.

The cavities utilized in this study were large
MOD cavities with a high C-factor and remaining
tooth structure weakened, to facilitate the cuspal
movement during restoration.” The C-factor was
reduced when using selective bonding technique,
which seems to be favorable in reducing cuspal
movement for all the adhesive systems tested.

All experimental groups showed a reduction
in intercuspal distance after the restorative
procedure. the this
displacement were significantly lower when
selective bonding technique was employed.
Numerous factors, such as hydration of dentin,
flow, creep, hygroscopic expansion of the material,
and fracture within the tooth structure determine
the recovery of cuspal deformation to its original
position,' %18 but the total recovery of the initial
distance is never complete in medium-size and
large restorations.®"

The use of flowable composites as a liner
has been proposed to diminish the effects of
polymerization shrinkage because they have a
low modulus of elasticity and can absorb the
stress generated during polymerization.'#?.2! Van
Meerbeek et al?? have observed that the use of a
low modulus flowable composite may increase
the flexibility of the bonded assembly, allowing it
to act as a stress breaker. However, considering
the same adhesive protocol (total bonding or
selective bonding), the cuspal displacement was
statistically similar for all the adhesive systems,
independently of the use of flowable composite as
a liner.

It is important to emphasize the importance of
the development of resinous filling materials with
lower polymerization shrinkage. This, associated
to effective bond strengths, appropriate cavity
designs and techniques, will facilitate the obtaining
of a stable sealing of composites in dental hard
tissues with no significant cuspal movement.

However, values of
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CONCLUSIONS

All groups submitted to total bonding technique
showed higher levels of cuspal movement
compared to the groups submitted to selective
bonding technique. However, the cusp movement
was not completely prevented with the selective
bonding technique. The use of an intermediate
layer of flowable composite did not show any
influence on the cuspal movement. The results
of this in vitro study should be confirmed by long-
term clinical evaluations.
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